Purpose. To compare anterior cruciate ligament (ACL)-injured and ACL-intact patients as well as males and females in terms of tibial plateau slopes to determine their association with ACL injury. Methods. Magnetic resonance images (MRI) of the knee of 310 male and 179 female skeletally mature Indian patients (mean age, 40 years) with (n=170+29) or without (n=140+150) ACL injury were reviewed. Their medial and lateral tibial plateau slopes (MTPS and LTPS), medial tibial plateau depth (MTPD), and lateral tibial plateau height (LTPH) were measured using MRI. Results. The ACL-injured and ACL-intact groups were comparable in terms of MTPS (6.72º vs. 6.73º, p=0.07), LTPS (5.68º vs. 5.70º, p=0.09), MTD (1.74 vs. 1.73 mm, p=0.356), and LTH (2.21 vs. 2.22 mm, p=0.393). Males and females were also comparable in terms of MTPS and LTPS in both ACL-injured and ACL-intact groups.
introduction
Anterior cruciate ligament injury can result in knee disability. 1 Its risk factors can be extrinsic or intrinsic. Extrinsic factors comprise ground surface, shoe type, type of sport, and environmental conditions. [2] [3] [4] [5] Intrinsic factors can be modifiable or non-modifiable and include decreased notch width, subtalar pronation, changing hormone levels, poor neuromuscular control, ligamentous laxity, high body mass index, sex and genu recurvatum, increased anterior pelvic tilt, and femoral anteversion. [6] [7] [8] The tibial slope is considered to directly affect the ACL loading and may contribute to its rupture. 9 Despite interventions to prevent ACL injury, its incidence and associated morbidities remain high. 10 The posterior tibial slope (PTS) is the main factor that increases ACL strain. 11 The PTS is defined as the angle between a line parallel to the posterior tibial inclination and a line that bisects the diaphysis of the tibia. 12 Medial and lateral tibial plateau slopes (MTPS and LTPS) independently are determinants of knee biomechanics. A shallower MTPD has been identified as a risk factor. 13 Whether the PTS is a risk factor for ACL injury remains debatable. 14, 15 This study aimed to compare ACL-injured and ACL-intact patients as well as males and females in terms of tibial plateau slopes to determine their association with ACL injury.
Materials and Methods
Magnetic resonance images (MRI) of the knee of 310 male and 179 female skeletally mature Indian patients (mean age, 40 years) with (n=170+29) or without (n=140+150) ACL injury who presented to our hospital between January 2013 and June 2013 were reviewed by 2 orthopaedic surgeons. Patients with multi-ligament injury, inflammatory disorder, aspetic necrosis of the femoral or tibial condyle, tumour involving the knee, or considerable osteophytes deranging the tibial plateau were excluded.
MTPS, LTPS, medial tibial plateau depth (MTPD), and lateral tibial plateau height (LTPH) were measured using the method proposed by Hashemi et al. 16 using a 1.5 Tesla MRI scanner based on the following parameters: proton density fat suppression, coronal plane, slice thickness of 4 mm, space of 0.5 mm, matrix of 352x224, echo time of 13.6 ms, repetition time of 1700-2000 ms; T2 sagittal and axial images, thickness of 3.5 mm, space of 0.5 mm, matrix of 352x224, echo time of 86 ms, repetition time of 4200 ms.
A pilot study was performed on 100 knees to determine the inter-and intra-observer reliability. The respective kappa coefficiency factor was 0.89 and 0.90 indicating excellent reliability. Thus, measurements of a single assessor were used for analysis.
The ACL-injured and ACL-intact groups were compared using the 2-sample t test. A p value of <0.05 was considered statistically significant.
results
The ACL-injured and ACL-intact groups were comparable in terms of the MTPS (6.72º vs. 6.73º, p=0.07), LTPS (5.68º vs. 5.70º, p=0.09), MTD (1.74 vs. 1.73 mm, p=0.356), and LTH (2.21 vs. 2.22 mm, p=0.393) [ Tables 1 and 2 ]. Males and females were also comparable in terms of MTPS and LTPS in both ACL-injured (6.72º vs. 6.73º, p=0.07 and 5.67º vs. 5.70º, p=0.08, respectively) and ACL-intact (6.73º vs. 6.75º, p=0.06 and 5.70º vs. 5.72º, p=0.07, respectively) groups ( Table 1) .
discussion
Knee static stability is enabled by ligaments, menisci, joint capsule, and bony geometry, whereas knee dynamic stability is an integrated function of the neuromuscular system. Injury to the ACL can occur secondary to excessive valgus stress, forced external rotation of the femur on a fixed tibia, and hyperextension. [17] [18] [19] The effect of the PTS on knee kinematics and tibiofemoral stability has been reported. 12, [20] [21] [22] The tibial geometry plays an important role in tibiofemoral biomechanics when the knee is subjected to external loads. 23 The effect of the tibial slope on knee kinematics related to arthroplasty procedures has been reported. 24 The ACL is the primary passive 
Table 1 Comparison of the anterior cruciate ligament (ACL)-injured and ACL-intact groups in terms of the medial and lateral tibial plateau slopes (MTPS and LTPS)
restraint to anterior tibial translations and loads. 25, 26 The geometry of the proximal tibia, in particular the PTS, is considered a factor of ACL injury. 9, 13, 27 The PTS directly affects loading of the ACL during a compressive axial force and contributes to the propensity of the ACL to rupture. For every 10º increase in PTS, there is an associated 6-mm increase in tibial translation, and the Lachman test shows a 3-mm increase for every 10º increase in the tibial slope. 20 In a cadaveric study, a small increase in the tibial slope does not affect anteroposterior translation or in situ force in the cruciate ligaments. 12 Nonetheless, increasing slope causes an anterior shift in the tibia resting position that is accentuated under axial loads. Altering the tibial slope may therefore be beneficial for ACL-deficient or posterior cruciate ligament-deficient knees to improve joint congruity. 12 In another cadaveric study, anterior tibial translation can occur with axial loading alone when the ACL and the medial meniscus have been transected. 26 Similarly in a computer model, the tibial shear force and anterior tibial translation increases as the tibial slope increases. 28 In a biomechanical model, an increase in the tibial slope increases the anterior tibial translation and ligament forces in both healthy and ACL-deficient knees. 29 An increase in the PTS from 5° to 20° results in anterior tibial translation from 2.1 to 4.6 mm and superior translation from 1.6 to 4.1 mm. 30 Nonetheless, a radiology study reported no association between the tibial slope and risk of ACL injury. 14 An MRI study showed no significant difference in the tibial slope in patients with noncontact ACL injury and controls with patellofemoral pain. 31 The accuracy of the tibial slope measured by lateral radiographs is questionable, as the MTPS and LTPS overlap in lateral projection. [32] [33] [34] [35] MRI is superior to radiography in measuring the tibial slope, MTPS, and LTPS. 16 Nonetheless, MRI does not cover the entire tibia for measurement of the tibial mechanical axis. The cartilage and meniscus are thicker posteriorly than anteriorly and may significantly reduce the PTS. 36 In our study, patients with associated meniscal tears were also included, and hence assessing the meniscal slope alone would have created bias. Thus, the method proposed by Hashemi et al. 16 was used to measure the tibial slope even in the absence of a full length view of tibia. An external rotation of the femur can result in excess strain on the ACL. 26, 37, 38 With an increase in LTPS, the tibial internal rotation is increased that in turn may increase the load on the ACL. 39, 40 The MTPS is steeper than the LTPS. 13, 41, 42 Steeper LTPS than MTPS is a risk factor regardless of gender. 16 A trend towards increased PTS is reported in female patients with knee arthrosis (12°), compared with female patients with patellofemoral pain syndrome (10°) and male patients with knee arthrosis (9°). 43 Individuals with an ACL injury, particularly females, have a steeper PTS than matched controls. 43 The risk of non-contact ACL injury increases by 27.1% with each degree increase in the lateral tibial slope among females but not among males. 44 Nonetheless, the MTPS, coronal tibial slope, and MTPD are not associated with ACL injury. 44 In a cadaveric study, the ACL strain does not increase with the axial loading of the knee in extension with PTS increased from 5° to 15° and axial loading at flexion angles of 0°, 30°, 90°. 45 One limitation of our study was its retrospective nature. The injury mechanism was not known and it may have been detrimental. Most ACL-injured patients could not recollect the injury incident secondary to a contact or non-contact mechanism. Body mass index and disability status of patients were not assessed.
conclusion
ACL-injured and ACL-intact patients as well as males and females were comparable in terms of the tibial plateau slope parameters.
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Group

MTPD (concave) [mm] LTPH (convex) [mm]
ACL-injured (n=199) 1.74±1.011 2.21±0.79 ACL-intact (n=290) 1.73±1.012 2.22±0.79 p Value 0.356 0.393
Table 2 Comparison of the anterior cruciate ligament (ACL)-injured and ACL-intact groups in terms of the medial tibial plateau depth (MTD) and lateral tibial plateau height (LTH)
